The chemical composition and antibacterial activity of essential oils obtained from fresh and dried leaves of Myrcia alagoensis O. Berg, collected in a secondary forest remnant in north-eastern Brazil, was compared. The essential oils were obtained by hydrodistillation from fresh and dried leaves, and analysed by GC/FID and GC/MS. The antimicrobial properties of the oils were investigated against five bacteria by determination of the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC). The essential oils were rich in cyclic sesquiterpenes, such as germacrene B, with antibiotic action against Gram-positive and Gram-negative bacteria. The drying process after collection interfered with the chemical composition and antibacterial activity of the assessed samples.
Regarding studies on the biological activity of essential oils, cytotoxic activity to mammary adenocarcinoma cell lines has been reported for Myrcia sp. "fuzzy leaf" [8] . Essential oils from M. lajeana, M. oligantha and M. fallax showed antibacterial activity [9, 10] , whereas those from M. rostrata, M. myrtifolia and M. ovata had antibacterial and antifungal activities [5, 6, 9] .
Considering the biological potential of the genus, the objective of this study was to compare the chemical composition and antibacterial activity of essential oils obtained from the fresh and dried leaves of Myrcia alagoensis O. Berg. This is the first literature report on the assessment of the chemical composition and biological activity of this species.
The yields of essential oils obtained from the fresh and dried leaves of M. alagoensis, based on dry biomass, were 0.3 and 0.4% (w/v), respectively. A total of 31 compounds were identified in the essential oil from the fresh leaves, whereas 28 were found in the oil from dried leaves ( Table 1 ). The chemical analysis revealed a predominance of sesquiterpenes. The lack of monoterpenes and the high proportion of sesquiterpenes (79.6 to 75.6%) is also found in most Myrcia species studied [2, 6] . Germacrene B was the most abundant component both in dried (23.1%) and fresh leaf oils (26.7%), followed by (2E,6E)-farnesoic acid, δ-cadinene, (E)caryophyllene, (E)-β-farnesene, germacrene D and selina-3,7(11)diene, with concentrations between 3.4 and 11.1%. Myrtaceae essential oils [2, [11] [12] [13] [14] [15] , in particular from Myrcia [2, 4] , have shown a preponderance of cyclic sesquiterpenes, especially those with caryophyllene, germacrane and cadinane skeletons [4] , as observed for M. alagoensis.
The sesquiterpene α-chamigrene and the oxygenated hydrocarbons (Z)-3-hexen-1-ol and 4-hydroxy-4-methyl-2-pentanone were detected only in oil from fresh leaves, suggesting that these constituents were sensitive to the drying process. Quantitative variations were also observed when comparing the chemical composition of essential oils obtained from fresh and dried leaves, especially relating to the major sesquiterpenes. Some constituents, such as germacrene D and germacrene B, suffered a concentration reduction in the dried leaves sample, whereas the relative concentration of -selinene, α-muurolene, -muurolene, δ-cadinene and others was increased. Germacrenes are unstable compounds, which can undergo either molecular rearrangement or degradation during the drying process, thus forming other sesquiterpenes with a cadinane or germacrane skeleton [5, [16] [17] [18] .
The essential oils of M. alagoensis exhibited a broad spectrum of antibacterial action, inhibiting the growth of both Gram-positive and Gram-negative bacteria ( Table 2 ). Gram-positive bacteria were more sensitive to the essential oil from fresh leaves than the Gramnegative. The lower sensitivity of Gram-negative bacteria may be due to the impermeability of the outer membrane and the presence of efflux pumps that export antimicrobial agents providing protection against the antibiotic action [19, 20] . Reports on the antibacterial action of some compounds present in these oils, such as germacrene D and (E)-caryophyllene, can be found in the literature [21, 22] . However, as essential oils are complex mixtures, the antimicrobial activity cannot be attributed to a single component, because the synergistic or antagonist influence of the various components should be considered. Farnesol, for example, one of the constituents of these oils, is known to increase the susceptibility of bacteria such as S. aureus in the presence of other antimicrobial agents [23] .
The drying process also affected the antibacterial activity against Bacillus cereus, Pseudomonas aeruginosa and the two strains of Staphylococcus aureus. A noteworthy result was observed against Pseudomonas aeruginosa, with MIC values of 5.63 μL.mL -1 for fresh leaves and 0.70 μL.mL -1 for dried leaves, indicating that there was an increase in antibiotic action after the drying process. Few reports about essential oils active at low concentrations against P. aeruginosa can be found [19, 21] . Thus, considering the clinical importance of this bacterium as one of the main agents in nosocomial infections, and the increasing incidence of multiresistant isolates [19] , further studies should be conducted to determine the constituents responsible for the observed potentiation of activity and their mechanism of action. 
Extraction of essential oils:
The essential oils were obtained from freshly harvested (300 g) and dried leaves (380 g) by hydrodistillation during 3 h in a Clevenger-type apparatus. The leaves were dried at room temperature in the shadow. The oil was dried over anhydrous sodium sulfate and stored at -20°C. The extraction yield was calculated as mL of oil per 100 g of leaves on a dry weight basis. A moisture analyzer (Series ID Marte ® Version 1.8) was used to determine the water content of the fresh and dried leaves.
Gas chromatography analysis:
The essential oils were analyzed by GC/FID and GC/MS. Samples (10 mg) were diluted in 500 µL of trimethylpentane, and 0.2 µL was injected. The quantitative analysis was performed on a Varian CP-2280 model, with a FID detector and a Chrompack CP-SIL 5 column (30 m × 0.5 mm internal diameter, 0.25 µm film). The FID and injector temperatures were 240°C and 220°C, respectively. The oven temperature was programmed at 60°C with an increase of 3°C/min until reaching 240°C, and then held for 20 min. The carrier gas was helium, at a flow rate of 1 mL/min, in split mode at a ratio of 1:100. The results are expressed in relative percentage of each constituent, calculated by normalisation of the chromatographic peak areas.
The qualitative analysis was performed on a Shimadzu GC-2010 model, coupled to a GC/MS-QP 2010 Shimadzu mass detector model with a DB-5 ms (30 m × 0.25 mm × 0.25 µm) capillary column. The injector port was heated to 220°C and injections were performed in split mode at a ratio of 1:30. The oven temperature was programmed at 60°C with an increase of 3 o C/min until 24°C, then held for 20 min. The carrier gas was helium at a constant flow rate of 1 mL/min. The temperature of the ionization source was maintained at 240°C, the ionization energy at 70 eV and the current at 0.7 kV. Retention indices of the separated compounds were determined on the basis of a homologous series of n-alkanes (C8-C24). The identification of the constituents was performed by comparison of the retention indices (Kovats indices) with literature data [24, 25] and authentic reference compounds, as well as by MS matching with National Institute of Standards and Technology libraries (NIST21 and NIST107).
Antibacterial activity: Antimicrobial activity was assessed against 5 strains (Bacillus cereus CCMB282, Pseudomonas aeruginosa CCMB268, Salmonella choleraesuis CCMB281, Staphylococcus aureus CCMB262 streptomycin and dihydrostreptomycin resistant, and S. aureus CCMB263 novobiocin resistant) from the Culture Collection of Microorganisms of Bahia (CCMB). The MIC determination using the broth microdilution method was performed as NCCLS [26] with some modifications. Cultures were grown on Müeller-Hinton agar (MHA) at 37°C for 24 h. Before being poured into plates, the oils were diluted in a solution of Tween 80 in distilled water (10%, v/v), resulting in a solution at 100 µL.mL -1 , which was homogenized on a vortex mixer, and then sterilized by filtration through a cellulose acetate membrane (0.2 µm). In 96-well Essential oil of Myrcia alagoensis Natural Product Communications Vol. 8 (2) 2013 271 plates, 90 µL of the essential oil solution and 90 µL of Müeller-Hinton broth (2X concentrated) were conditioned in the first well and serial dilutions were carried out in all subsequent wells. The essential oil concentrations varied from 45.0 to 0.35 µL.mL -1 . Bacterial cultures of 24 h were collected in saline solution (0.45%), the inocula were adjusted approximately to 1.5 x 10 8 CFU.mL -1 , and diluted. Then, a 10 µL microorganism suspension was added in each well resulting in 5 x 10 4 CFU per well. The plates were incubated at 37°C for 24 h, and 30 µL of rezasurin (0.01% w/v) were added to each well. The result was read after 3 h of incubation, and pink wells were an indication of microbial growth. The MIC was defined as the lowest concentration of essential oil in which there was no visible growth after incubation. Controls of the microbial strains viability, sample and water sterility were also performed. The MIC of the 10% Tween/water solution and chloramphenicol was also determined. All tests were conducted in triplicate. A Petri dish with Müeller-Hinton agar was divided into quadrants for the MBC determination. A portion of liquid (10 µL) from each well that showed no change in colour was transferred to one quadrant. The plates were incubated at 37°C for 24 h, and the lowest concentration that yielded no growth was considered as the MBC.
